The synergistic inhibition of Escherichia coli aspartate carbamoyltransferase by UTP in the presence of CTP is due to the binding of UTP to the low affinity CTP sites.
Escherichia coli aspartate carbamoyltransferase controls pyrimidine biosynthesis by feedback inhibition involving both CTP and UTP, although UTP only inhibits the enzyme in the presence of CTP (Wild, J. R., Loughrey-Chen, S. J., and Corder, T. S. (1989) Proc. Natl. Acad. Sci. U. S. A. 86, 46-50). The mechanism by which the enzyme can discriminate between these two pyrimidines is unknown, as well as where UTP binds and its mode of action. A mutant version of the enzyme with a single amino acid substitution in the regulatory site (Asp-19----Ala) causes loss of the synergistic inhibition of UTP in the presence of CTP, and furthermore, this enzyme is inhibited by UTP alone. Analysis of CTP binding to the mutant enzyme reveals that UTP can bind to the mutant enzyme in the absence of CTP but not in its presence. This is completely opposite to the wild-type enzyme in which case UTP only exhibits significant binding in the presence of CTP. Further analysis of the binding data for the wild-type enzyme reveals that, in the presence of UTP, CTP only binds to three sites, although CTP binds to six sites, three with high affinity and three with low affinity in the absence of UTP. Parallel UTP binding experiments in the presence of CTP suggest that UTP binds to the three weak CTP sites. The Asp-19----Ala substitution prevents UTP binding in the presence of CTP and allows UTP to bind and inhibit the enzyme in the absence of CTP. Since the x-ray data indicate no specific interactions between the amino group of cytosine and amino acid side chains in the regulatory binding site, the discrimination between UTP and CTP by the wild-type enzyme must be due to subtle differences in the binding sites rather than direct side chain contacts.